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You should have the following for this examination
•	a clean copy of the pre-release material
•	pen with blue or black ink
• pencil

•	30 cm ruler
• calculator
•	graph paper.

General instructions
•	There are 45 marks for this paper.
•	You have 1 hour 30 minutes to complete

this paper.

•	Answer all of the questions.
•	Write all working out and answers

in this booklet.

You may use
•	A scientific or graphical calculator.
•	A PC installed with the following standard

application office software
– word processor
– spreadsheet
– database
– graphics and presentation packages.

You must not use
• internet
• email
•	internal or externally saved files
•	mobile phones.
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Paper 1: Mathematical Modelling 
 
Refer to The Law of Retail Gravitation in the pre-release material. 
 
The diagram below shows the approximate direct distances between the cities that are 
considered to form the Northern powerhouse.  
The table gives the approximate populations of the cities. 
 
Use The Law of Retail Gravitation to explore how people might choose to go shopping if 
they live in the area of the Northern Powerhouse.  
 
Additionally, explore what might happen if the city of Leeds grows much larger. 
 
Remember to explain clearly any assumptions that you are making. 

(45 marks) 
 
 
 

Use between one and two sides of A4 for your answer.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is space on the following pages. Use this to show your workings. 
Additional inserts/printouts can be used and should be included. 
  

City 
Approximate 
population 

Hull 260,000 

Leeds 475,000 

Liverpool 493,000 

Manchester 545,000 

Newcastle 309,000 

Sheffield 575,000 

Newcastle 

Leeds 

Hull 

Manchester Liverpool 

Sheffield 

130 km 170 km 

57.5 km 80 km 

47 km 

85 km 
52 km 

50 km 

100 km 
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